Introduction
============

Macular degeneration represents the main cause of severe visual impairment in patients over 60 years of age in industrialized countries ([@b1-etm-0-0-7858]). The prevalence of macular degeneration in people of 40--49 years is 2.1%, rising dramatically to 35% in the population aged over 80 years ([@b2-etm-0-0-7858]).

The severe deterioration of central vision occurs mainly in the exudative form of age-related macular degeneration (AMD) ([@b3-etm-0-0-7858]), as a result of the formation of pathological choroidal neovessels - choroidal neovascular membranes (CNVM) that induce structural and functional changes in the macular region ([@b4-etm-0-0-7858]).

Exudative AMD dominates the etiologic spectrum of conditions involving CNVM; therefore, our study focused on the current therapeutic options for the choroidal neovascular membranes in the wet form of AMD.

In advanced stages of AMD, CNVM can cause irreversible loss of central vision to the level of 'legal blindness'. This 'blindness', though not complete (there is a remaining peripheral visual field), reduces the individual\'s adaptation to the environment, making it impossible to read, drive, recognize facial features of people around them, thus altering the quality of life and autonomy of those affected ([@b4-etm-0-0-7858]).

Until 2006, the methods of treatment for neovascular choroidal pathology differed from the prescription of prophylactically antioxidant medication, with no effect on the existing membranes, to the 'heroic' surgery that tried to extract the membranes under the retina and possibly 'relocate' the retina, by turning it on healthy pigment epithelium areas, with sometimes ambiguous effects. At this point, because of a new class of drugs, namely vascular endothelial growth factor blockers (anti-VEGF), we have entered a new therapeutic era in the management of these diseases. Thirteen years after having started the intravitreal anti-VEGF treatment in Romania, we are reviewing the steps, the results and the changes in our daily practice.

Materials and methods
=====================

The study was performed based on a number of cases diagnosed with exudative AMD, the inclusion criteria being the presence of choroidal neovascularization in the context of AMD, evidenced clinically and on OCT images. Exclusion criteria consisted in the absence of clinical and angiofluorographic exudation features and in the presence of excessive fibrous components. The epidemiological strategy was an analytical, interventional case series without a control group, with a prospective component, which was the introduction of new therapeutic methods (intravitreal injection of bevacizumab) in a pathology (an exudative type of age-related macular degeneration) where treatment solutions were mostly ineffective. The functional and anatomical effectiveness of this treatment was followed-up over short (1--3 months) and medium (6--18 months) periods.

In October 2006, we started to perform the first intravitreal bevacizumab injections. At the beginning of this therapy, its legal aspect was uncertain ('off-label' use of bevacizumab drug - outside the therapeutic indications that were safe) ([@b5-etm-0-0-7858]). The medium and long-term results were unknown; there was no available data regarding possible systemic side effects of the substance. Regarding the 'off-label' status of this medication, we followed the American model, elaborating a well-informed consent, based on the content used overseas. This study adhered to the tenets of the Declaration of Helsinki and was approved by the Ethics Committee of our hospital, 'Prof. Dr. Agrippa Ionescu' Clinical Emergency Hospital. Written informed consent was obtained from all patients before the examinations and surgeries were performed. As we obtained favorable results in patients with low VA, we began to use intravitreal bevacizumab in patients with the same disease (neovascular AMD), but with better visual acuity (VA) (best VA for initiating treatment was 20/40-0.5). When included in the treatment group, each patient was evaluated for the best corrected visual acuity (BCVA) with Snellen chart and they underwent a complete eye examination, which included measurement of intraocular pressure, refractometry and biomicroscopy of the anterior and posterior pole. Most times, especially at the beginning of the study, the main element that allowed the patient to have access to the treatment algorithm was slit lamp examination with Volk Centralis Direct contact lens. Where clinical macular edema, exudative elements and/or subretinal haemorrhage were found, we used bevacizumab without imaging confirmation. In cases where the fibrovascular component was predominant or the subfoveal changes did not show clinical signs of exudation, we performed FA and/or OCT in order to specify the diagnosis. Central retinal thickness was measured in patients who performed OCT with '5-mm raster line scans' for patients examined with ZeissStratus model and '6-mm raster line scans' for the investigations with Topcon 3D 1000. Fluoresceine angiographies were performed mainly in patients from the first part of the study group because OCT examination was less accessible at that time. Afterwards, FA was used only as a method to determine the leakage site (extravasation of fluid) at certain period of times after the end of therapy, when there was clinical doubt or VA tended to change.

All patients had previously received antioxidant medication administered orally. The therapeutic protocol consisted of intravitreal administration of bevacizumab 1.25 mg/0.05 ml every four weeks in three sessions for each of the eyes of the patients in the study. Each eye was considered a separate entity. Increasing the number of injections (to 4 or 5 injections) over the standard, a protocol was performed to cases which showed clinical and functional improvement after 3 months of treatment. However, relapses followed at intervals varying between at least 3 months and at most 12 months. Patients were clinically reviewed by retinal imagistic after 1 month and 3 months. Some patients continued to be monitored at 6, 12 and 18 months. This was the first study performed in Romania regarding the treatment of wet AMD using bevacizumab. We intend to show our first results from the beginning of the anti-VEGF era to the international ophthalmologic community, in order to demonstrate that our experience, which started in 2006, is consistent with all the data from the literature and our approach, which was not influenced by other authors, can be superimposed on the standard protocols nowadays.

### Patients

There were 376 intravitreal injections to 117 eyes \[67 left eyes (57.2%) and 50 right eyes (42.8%)\] from 96 patients \[59 males (61.45%) and 37 females (38.55%)\], starting October 2006. A total of 21 patients had both eyes treated. Patients were classified into three age groups: 55--65 years (average age 62.4 years, 18 patients), 65--75 years (average age 71.7, 37 patients) and over 75 (average age 82.3 years, 41 patients). The average age was 72.1 years.

### Treatment protocol

The three 'standard' injections were administered to all patients. Among the 117 treated eyes, 13 received four injections and six eyes received five injections, in addition to standard injections. The criteria by which treatment protocol was supplemented will be discussed further. The structure of the injected study group was as follows: 96 patients: 21 treated in both eyes (OU), 42 eyes, 126 injections; 75 treated in one/single eye (SE), 225 injections. Total number of injections performed, 376 (average number of injections performed/eyes, 3.2).

### Follow-up

The patients were functionally monitored, being evaluated with the Snellen chart for central visual acuity (VA). We have opted to express it as decimal VA, because it is simply and easily understood by the patient and it is easier to convert it in the minimum visual resolution angle logarithm (logMAR), a universally accepted mathematical unit in statistical calculations.

The follow-up of retinal structural changes involved performing either optical coherence tomography, which allowed the assessment of macular thickness variations (i.e. the degree of macular edema resolution) or fluorescein angiographies, which verified the degree of activity of choroidal neovascular membranes according to the presence or absence of the extravasation/diffusion fluid (leakage).

### Central visual acuity

Central visual acuity was measured at baseline and then after one month, 2 months and 3 months. These data were obtained for all treated eyes (100% of cases). For some patients, VA follow-up could also be done after 6 months, 12 months and 18 months. Tailure to follow-up the medium controls (6--12/18 months) of patients was determined both by a lower compliance and by old age associated with other systemic diseases, which reduced the addressability to the ophthalmologist.

We identified eight groups of patients according to the initial value of VA (assessed with the best optical correction): Group A: Initial VA 0.01 (0.5/50), 26 eyes; Group B: Initial VA 0.02 (1/50), 43 eyes; Group C: Initial VA 0.04 (2/50), 26 eyes; Group D: Initial VA 0.06 (3/50), 8 eyes; Group E: Initial VA 0.1 (5/50), 7 eyes; Group F: Initial VA 0.2, 4 eyes; Group G: Initial VA 0.3, 1 eye; Group H: Initial VA 0.5, 2 eyes.

The number of patients available for follow-up was: 76 eyes from 63 patients after 6 months, 39 eyes from 28 patients after 9 months, 31 eyes from 21 patients after 12 months and 23 eyes from 19 patients after 18 months.

From the initial study groups, only some patients remained to be followed-up. Thirteen eyes received four injections and six eyes received five injections. Reinjections were performed in cases where a favorable initial response had been found after the first three injections of the therapeutic drug, but followed by a functional relapse (reduction in VA) doubled by exudative phenomena (neovascular membranes\' activity marker). Therefore, it was decided to resume therapy in those cases, this time according to the circumstances and adapting, that is injecting bevacizumab not following a scheme, but observing the clinical and paraclinical evolution of the patient - the actual PRN (pro re nata) scheme.

VA measurement involves a subjective component, the patient\'s response, but in controlled and standardized conditions (Snellen chart, standard lighting conditions). In some patients, we did not detect favorable changes of central visual acuity. However, many patients with unchanged VA reported an improvement in vision. We could not quantify this aspect; therefore, we were unable to integrate it into a statistical analysis. We noted the main favorable elements reported by the patients 3 months after injection ([Table I](#tI-etm-0-0-7858){ref-type="table"}). Among the 117 eyes treated, after 3 months 40 of them (34%) presented no VA changes.

### Central retinal thickness (foveal thickness)

Central thickness changes were determined by optical coherence tomography (OCT). Among the 96 patients (117 eyes), 42 patients (43%) (51 eyes) (43%) could perform imaging investigation such as angiofluorography and/or OCT. Among these, 51 eyes could be monitored by OCT at baseline and after 3 months from the first injection ([Table II](#tII-etm-0-0-7858){ref-type="table"}).

Among the patients remaining for follow-up after the required period of 3 months, only some of them underwent imaging investigation. Actually, OCT and/or AFG were performed only in patients who had been reinjected, several of whom were monitored by OCT 3 months after reinjection.

### Activity signs of choroidal neovascularization

The existence and/or persistence of signs of choroidal neovascular membrane activity, expressed by 'leakage' - extravasation and diffusion of fluid, were followed-up by fluorescein angiography. A minority of patients performed FA - in cases of diagnostic doubt, or those at baseline when the tomographic examination was not available. Numerical data do not provide a coherent statistical overview of the treated group evolution and, therefore, it will not be used.

### Statistical analysis

The statistical analyses have been performed starting with 2009. All data were analyzed using the Statistical Package for Social Sciences software (version 16.0, SPSS, Inc.) and shown as mean ± standard deviation. Graphs were plotted by Microsoft Excel 2008 (Microsoft Corporation). Means and standard deviations were calculated for all continuous variables. Frequency distribution and percentages were determined for categorical variables. Comparisons between post-operative and pre-operative values, for visual acuity (VA) and foveal thickness (FT) were carried out using the paired sample t-test. Concordance tests (Kolmogorov-Smirnov) have been performed for each data vector in order to determine their normality. For a 0.05 confidence interval, the data have been tested as normally distributed, which allowed the use of parametric methods (for quantitative data). Non-parametric tests have been performed for bivariate categorical data. Differences in the distributions between groups were analyzed using the independent t-test. Differences in the distributions of categorical variables between groups were analyzed using the Chi-squared test. In order to analyze the correlations, both Pearson correlation parametric tests and non-parametric Spearman and Kendall were used. Regression linear curves have been represented to determine the functional dependencies between some characteristics. Their adaptation over the represented point clouds has been appreciated by coefficients of determination. All tests have been performed bilaterally. Two significance thresholds were considered in order to test the statistical significance, α=0,05 and α=0,01, respectively. The statistical significance was set for P-values lower than the significance threshold. The graphic data processing included percentage, comparison diagrams, boxplots and regression functional plots.

Results
=======

### The differentiated approach of the study according to the purpose

The personal study had proposed two major directions of experimental argumentation and statistical validation of the results: a) Follow-up of the evolution of individual VA (visual acuity) parameter in patients treated with bevacizumab intravitreal both in the unprocessed rough groups and in the representative groups, statistically adapted to random the loss of subjects. b) Follow-up of the VA parameter evolution in correlation with the foveal thickness (FT) parameter.

Although the groups of patients observed are unitary in achieving both objectives, for the second one it must be taken into account that a significant number of patients abandoned the study. For this reason, we have split the results of the statistical analysis according to the two objectives proposed. Univariate results follow-up (referring only to VA) will be distinguished from a bivariate approach where the visual acuity (VA) is correlated with foveal thickness (FT).

### The analysis of VA parameter pursued independent batches of raw patients

The chart in [Fig. 1](#f1-etm-0-0-7858){ref-type="fig"} established an upward trend in mean parameter AV on intervals during follow-up. It looks favorable and functional, but statistically insignificant, due to alteration in time of lots followed and the remaining, not representative study subjects. Increasing the average parameter ranges VA 6 months - 9 months - 12 months - 18 months is an unreal situation. Practically, we planned and realized an improvement in visual acuity within 3 months and even within 6 months, maintaining relatively constant limits for longer periods of time (9, 12 or even 18 months), but failed, at least for now, to achieve both significant growth and progress over time. It is a gross analysis with rough results. For this reason, we cannot make quantitative judgments of value on the results of intravitreal bevacizumab therapy relying on such data, but we can make qualitative ones.

### The analysis of VA parameter pursued independently on the lots processed and statistically adjusted by patients ([Fig. 2](#f2-etm-0-0-7858){ref-type="fig"})

Preoperative visual acuity in the initial batch ranged from 0.01 to 0.5. In the initial batch, mean visual acuity was 0.04 and after 3 months it was 0.12. Visual acuity improved in the assessment of 3 months in 77 eyes (66%), subjectively quantified by the patient or objectively by physician. In 40 eyes (34%) there was no change in visual acuity. There was no case of decreased visual acuity postoperatively. In order to validate the statistical data, processing, adaptation and conformity tests were applied to patients\' groups. The overall conclusion regarding visual acuity independent parameter (VA) is that it highlights a clear increasing trend of the parameter VA from the initial interval to 3 months, with a flat profile (maintaining a constant level) in the 3-, 6-, 9- and 12-month intervals.

### The analysis of VA parameter pursued in conjunction with foveal thickness (FT)

Analysis of the VA time intervals highlighting the environmental functional effect and analysis of the average thickness of the fovea on time intervals to highlight the effect of structural environment ([Table III](#tIII-etm-0-0-7858){ref-type="table"}, [Figs. 3](#f3-etm-0-0-7858){ref-type="fig"} and [4](#f4-etm-0-0-7858){ref-type="fig"}).

There is an ascending trend of visual acuity in baseline period, 9 months, due to the effect of bevacizumab injections ([Fig. 3](#f3-etm-0-0-7858){ref-type="fig"}). Note the two slopes upward initially 3 months (by applying the standard protocol) and 6--9 months (by re-injection performed at 6 months). The appearance slightly decreasing on the 3--6 month interval is due to the reactivation of neovascular membranes.

In [Fig. 4](#f4-etm-0-0-7858){ref-type="fig"}, a decrease of central retinal thickness in the baseline range of 9 months under the effect of intravitreal bevacizumab injection can be noted.

Fovea thickness (central retina), the initial batch, determined by OCT, ranged from 266 microns to 720 microns, with an average of 450.94 (±104.5) microns. Fovea thickness was significantly reduced following treatment with intravitreal bevacizumab, 3 months recorded an average of 309.13 (±66.57) microns. The overall conclusion regarding fovea thickness independent parameter refers to the downward trend in the range of parameter FT from initial to 3 months. In addition, it refers to an increase in central retinal thickness (6 months), explained by recurrent exudative phenomena, again significantly reduced FT (9 months) through augmentation of antiangiogenic effect by re-injection of 6 months, as well as a relatively stable appearance of reference parameter within 9--12 months, item also followed and expected from the treatment.

The statistical analysis of the two parameters followed (visual acuity and foveal thickness) was statistically validated in an initial period of 9 months, the data gathered at 12 months and 18 months being inconsistent. The conclusion of this correlation is that for the initial time of 9 months, VA has an upward trend, while presenting a downward trend for FT in the pursued group, identifying a solid negative correlation between two variables for all periods included (initially 3 months, 3--6 months and 6--9 months).

The statistical analysis of the two followed parameters (visual acuity and foveal thickness) also showed that there were patients with choroidal neovascular membrane recurrence (VA reduction and FT increase) at varying intervals from baseline (6, 9 or 12 months), for which re-injection option has led to significant improvement or stabilization of both structural and functional parameters.

Discussion
==========

### Considerations on intravitreal bevacizumab use complications

Within the studied patient groups, we did not have systemic complications that could be associated with bevacizumab, such as cardiac or cerebral ischemia. There were, however, minor and local complications related to the technique of injection: subconjunctival hemorrhage, 31 cases of the 376 injections (8.2%), corneal erosion, 2 cases (0.5%), post-injection ocular surface discomfort such as: burning, stinging, mild pain at the injection site, itching, 11 cases (2.9%). There were no serious local complications, such as retinal tears, rhegmatogenous retinal detachment, endophthalmitis, increased intraocular pressure, cataract, retinal pigment epithelium rupture or systemic complications like cardiac or cerebral thromboembolic accidents.

We have reviewed the results of prestigious research groups regarding pharmacokinetics, the effects on the blood-ocular barrier, electrophysiological effects, CNV histology, the general conclusion being that bevacizumab is not toxic at the currently used dose and can be used safely in patients with neovascular AMD ([@b6-etm-0-0-7858]--[@b11-etm-0-0-7858]).

### Arguments and counter-arguments related to the personal study

In the series of cases diagnosed with choroidal neovascularization secondary to AMD and treated according to a personal algorithm with bevacizumab intravitreal injection, in the non-comparative retrospective analysis, there was a functional improvement from a quantitative and qualitative point of view (improvement of visual acuity, color perception optimizing, widening visual field, better appreciation of the spatial elements); in addition, good anatomical results (central retinal thickness reduction, reduction or disappearance of 'leakage') were also noted. The retrospective analysis of personal cases treated and followed was favorable to the use of intravitreal bevacizumab in short-term and medium treatment for choroidal neovascular membranes associated with AMD.

The study had several weaknesses: first of all, the design of the study - retrospective, non-randomized, non-controlled, interventional type on a number of cases - only allowed assessment of effectiveness treatment under subjective conditions chosen by the authors on a group of patients in whom they identified a common element, namely choroidal neovascularization associated with AMD. The absence of randomization and control group does not allow making proper interpretation of the epidemiological value. The 'selection' of cases based on clinical criteria (significant exudation, minimal fibrosis) allowed to obtain good results, situated somewhat above the average of other studies that used randomization and control elements. Another element inducing limits to the study is the presence of short-term follow-up data (3 months), reducing the database to track the medium term (9--12 months), but this represents a subjective aspect and it is difficult to control by the physician. In order to make valid judgments on the medium and long-term, the study group should not impair over time. The tests applied are of pair type (same subject is tested based on the same clinical parameters intervals and different conditions) always watching the number of subjects who remained in the study and therefore would not affect the representativeness and statistical significance of the results. For this reason, statistical analysis stopped at the 12 months interval, virtually ignoring the values recorded at 18 months.

### Considerations regarding the use of intravitreal bevacizumab in treating neovascular AMD

Preclinical studies have suggested that full-length antibodies could not penetrate the retina and are therefore ineffective in the treatment of subretinal pathology, in this case choroidal neovascularization associated with AMD ([@b12-etm-0-0-7858]). The publication of clinical cases that showed an impressive resolution of the macula intraretinal fluid in Exudative AMD or Central Venous Occlusions have raised doubts over the previous term ([@b13-etm-0-0-7858],[@b14-etm-0-0-7858]). Subsequently, several studies have shown that bevacizumab molecule can penetrate the retina in the intravitreal administration ([@b6-etm-0-0-7858],[@b15-etm-0-0-7858]). A series of cases were also published showing favorable anatomic and functional effect of bevacizumab therapy in various ocular conditions associated with neovascular disease ([@b16-etm-0-0-7858]--[@b20-etm-0-0-7858]). The first clinical results showed a promising efficiency profile for Avastin in neovascular AMD ([@b21-etm-0-0-7858],[@b22-etm-0-0-7858]). There seems to be significant difference in terms of responsiveness to anti-VEGF between different types of choroidal neovascular membranes in classic or occult AMD, myopia, or juxtafoveal telangiectasis and angioid streaks ([@b21-etm-0-0-7858],[@b23-etm-0-0-7858]--[@b31-etm-0-0-7858]).

The intravitreal injection rate of adverse effects for bevacizumab did not exceed that observed in control groups from trials with ophthalmology accepted anti-VEGF (ranibizumab). There was no more than 0.21% incidence of any adverse effect on an average follow-up period of 3.5 months.

In cconclusion, the increased prevalence of wet AMD, along with the severity of functional visual impairment have led to significant research concentration on all issues identified in correlation with the background condition. In the last thirteen years of ophthalmology, there was a huge explosion belonging both to the anti-angiogenic agents in the usual therapeutic arsenal and to the optical coherence tomography as a standard tool of diagnosis. The introduction of intravitreal bevacizumab in Romania has also led to a fantastic increase in number of OCT equipment, from four units in 2006 to more than two hundred. The huge potential of anti-VEGF medication is revealed more and more while allowing the development of new therapeutic principles and new classes of drugs. Although treatment with anti-VEGF first addressed choroidal neovascular membranes from AMD, the range of therapeutic indications of this new class of substances was expanded considerably to other pathologies ([@b16-etm-0-0-7858]--[@b18-etm-0-0-7858],[@b32-etm-0-0-7858]--[@b38-etm-0-0-7858]).

To the best of our knowledge, this is the first study in Romania that assessed, analyzed and correlated clinical and statistically functional (improvement of visual acuity) and structural (central retinal thickness reduction) results of intravitreal bevacizumab treatment in patients with neovascular AMD, while comparing them with results of baseline studies in literature on the same topic.

We have been using bevacizumab in our daily practice for thirteen years and we have decided to publish our results from the beginning of our own experience (2006) as a tribute to the remarkable results of this efficient, safe and accessible drug for wet AMD patients. By using anti-VEGF agents in our clinical approach, we could improve and prolong visual function for many patients who did not have any viable option till antiangiogenics was born. Bevacizumab is an affordable treatment when other, more expensive anti-VEGF agents, are not available. Soon, there will probably be new options at our disposal, aiming to overcome macular atrophy and also subretinal fibrosis, items which bevacizumab could not address. As physicians, our goal is to offer the best medical solution to our patients; thus, we must continuously prepare to fight against 'unresolved' issues.
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###### 

Correlation of the study group patients without change in VA with subjective elements changes.

  Group      Perception of color   Delimitation of the contours   The decrease of central 'darkness'   Reduction of image distortion   No. of patients
  ---------- --------------------- ------------------------------ ------------------------------------ ------------------------------- -----------------
  A (0.01)   2                     1                              5                                    2                               11
  B (0.02)   4                     3                              5                                    2                               16
  C (0.04)   5                     3                              4                                    4                               8
  D (0.06)   1                     0                              1                                    1                               2
  E (0.1)    1                     1                              1                                    1                               2
  F (0.2)    1                     0                              0                                    0                               1
  G (0.3)    0                     0                              0                                    0                               0
  H (0.5)    0                     0                              0                                    0                               0
  Total      14                    8                              16                                   10                              40

###### 

Structure of the remaining group of patients that was imagistically followed-up on mid-term.

  Period      Eyes   OCT performed
  ----------- ------ ---------------
  6 months    76       9
  9 months    39     11
  12 months   29     9
  18 months   23       3

###### 

Average VA time intervals on the effect of functional environment and average thickness of the fovea per time intervals with medium structural effect.

  Time        Average VA   Change in VA during treatment from the previous stage   Average FT   FT variation during treatment from the initial stage
  ----------- ------------ ------------------------------------------------------- ------------ ------------------------------------------------------
  Initial     0.071                                                                450.941      
  1 month     0.021          0.7                                                                
  2 months    0.023        −0.11                                                                
  3 months    0.204          0.13                                                  309.137      −0.31
  6 months    0.074        −0.72                                                   431.556        0.4
  9 months    0.208        −0.64                                                   331.222      −0.23
  12 months   0.065          0.69                                                  400.500        0.21
